The problem of the mixing of gases in the lungs and the factors determining this mixing have been investigated by many workers. A systematic study has been recently reported by Lundsgaard and Schierbeck (1923), where references to the earlier work may be found. They concluded that. results .obtained with hydrogen could be extended to other gases (oxygen, nitrous oxide, and carbon monoxide).
liters of a hydrogen-air mixture, and starting from the residual air of the subject, they found that three respirations were sufficient for attaining mixture in the two subjects studied.
Regarding the rate of respiration, which in most of these experiments was between 10 and 15 per minute, they state, "a few experiments were performed in order to determine quantitatively the influence of the rate. We did not arrive at definite results. Our impression was that rate may be varied considerably without any appreciable influence on the result."
In connection with the problem of the determination of cardiac output in man, as reported elsewhere (Marshall and Grollman, 1928) , it was found that under the conditions where Lundsgaard and Schierbeck's figures would indicate the attainment of mixture in 3 respirations, such mixture did not result with even 8 or 10 respirations.
Therefore, we decided to reipvestigate the factors concerned in mixing under the conditions of our experiments. Our results indicate clearly that the rate of respiration has a pronounced influence on the number of rebreathings necessary for mixture; or, as we prefer to express it, there is a minimum time of rebreathing necessary to obtain homogeneous mixture regardless of the number of reb-eat hings . Since mixture in a lung-bag system is an important desideratum for many types of physiological experimentation, we have briefly reported our results in this communication.
METHOD.
The method used in this study was similar to that employed by Lundsgaard and Schierbeck. The arrangement of the apparatus is shown in the accompanying sketch ( fig. 1) . A rubber bag,l C, was attached to one end of an aluminium valve, B, the bore of which was 1 inch in diameter.
To the other end was attached a rubber mouthpiece, A, The subject, having been seated for about five minutes, after applying $; nose-clip, was instructed to expire to residual air and then to apply his mouth to the mouthpiece.
The tap, B, was then turned to connect the subject with an approximately 5 per cent mixture of hydrogen in air, previously introduced into the rubber bag, C. The subject then rebreathed from the rubber bag, emptying the bag with each inspiration and expiiihg Fig. 1 deeply into the bag with each expiration.
After a certain time, noted by a stop watch, and just before the end of an expiration (but while the subject was still expiring), the tap, B, was turned so as to disconnect the subject from the bag. A sample of the alveolar air was then instantaneously taken by opening the stopcock on the previously evacuated sampling tube, D, the subject retaining his mouth on the mouthpiece A, during this procedure.
Another sample, designated "bag" sample was then drawn into the sampling tube E by lowering the reservoir connected with it.
The sampling tubes, D and E, were connected to the aluminium valve B and to the bag C, respectively, by means of lead tubing, 15 ems. long and 0.5 mm. in internal diameter. These were soldered into brass plugs as indicated in the figure. The volume of the dead-space of the system, which consisted of the mouthpiece plus the projection from the valve B upon which the mouthpiece was placed, was 40 cc.
The samples of gas were analyzed for hydrogen by burning over a heated platinum spiral. Twenty-five cubic centimeter samples were used for the analyses and were carried out in an apparatus similar to that described by M. Krogh (1914-15) and used in the ethylene analyses described elsewhere (Marshall and Grollman, 1928) . The analyses were accurate to =t 6.004 per cent of hydrogen.
RESULTS.
The results of the experiments are tabulated in tables 1 to 4. The iirst three tables give the results obtained on three trained subjects. In the first column of these tables are given the volumes of gas which were introduced into the bag. The second column gives the number of complete respirations (inspiration plus expiration) which were taken before the valve was closed and the samples taken for analysis, as described above. In column III are given the times which elapsed from the opening of the valve B to its closure; i.e.,, the time during which the rebreathing was continued. In the last column are given the differences obtained by subtracting the concentration of hydrogen found in the bag sample from that in the alveolar sample. As long as mixture between the lungs and the bag system is incomplete, the concentration of hydrogen in the hg will exceed that in the alveoli and the difference, as given in the last column of the tables, will be negative. When mixture in the lung-bag system is complete, this difference will be positive due to the changes n-r volume accompanying a respiratory quotient that is less than unity and because of the slight amount of hydrogen that is absorbed through the lungs during the experiment (Krogh and Lindhard, 1917) . The attainment of a positive result, as indicated in the last columns of the tables shows, therefore, the attainment of mixture. That this positive difference is really due to the above mentioned causes was proved by determinations of the oxygen and carbon dioxide contents of the two samples and the calculation from these values of the nitrogen percentages. When correction for the volume change in the system as given by the nitrogen values was made and consideration taken ment, of the amount of hydrogen absorbed by the blood during the experithe difference in hydrogen content between the alveolar and bag samples was within the limits of error of the de termination.
MIXTURE OF AIR IN THE LUNGS
In order to determine the time necessary for attaining homogeneous mixture in the case of untrained subjects, a series of determinations was made on 10 medical students. The results obtained are given in table 4. In all of these experiments, the volume in the bag was 2.4 liters which appeared from the results in tables 1 to 3 to be the optimum volume for attaining homogeneous mixture in the minimum time. Samples were collected after 12 and 15 seconds' rebreathing.
The subjects were instructed to rebreathe "moderately fast," the number of respirations being counted as before. DISCUSSION. The primary purpose of the investigation reported in this paper was to determine the time necessary for the average normal individual to attain homogeneous mixture by rebreathing a mixture of a foreign gas as used in the determination of the cardiac output.
It will be seen from the above results that, in order to assume this mixture, it is necessary for most individuals to rebreathe a volume of 2.4 liters (after expiring the bag or to residual air) for at least 15 seconds before a sample taken from mouthpiece can be assumed to represent the gas in the total lung-bag system. This period is much longer than has usually been assumed to be necessary for attaining such equilibrium, and many results described in the literature are no doubt erroneous due to this false tion. In some individuals (e.g., A. G., table l), mixture can be in 12 seconds, using 2. ,4 liters in the bag. In no case was more than 15 seconds required if at least 5 respirations were made and 2.4 liters were supposiattained present in the bag. attaining mixture wi of respirations necessary As regards the number th any given volume in the bag, it would seem, for as one might indeed expect from a priori reasoning, that the greater the number of respirations the more efficient the mixing in a given time. Practically, however, a rate faster than about 20 to 25 respirations per minute is undesirable.
The inability to properly empty the bag or expire to residual air when too fast a rate of respiration is employed, no doubt explains the inefficiency of the higher rates in attaining mixture.
As regards the volume to be placed in the bag for attaining mixture in the minimum of time, it would seem from our results that several factors are concerned in its determination.
There is a volume corresponding to each individual which is optimal for obtaining mixture in the least length of time. Thus with 6 liters in the bag, mixture could not be obtained even in 20 seconds in the case of the subjects of tables 1, 2, and 3. In the case of the subjects of tables 2 and 3, 1.8 liters is definitely inferior to 2.4 liters
